In the following, we give a compact technical definition of the full model, suitable for writing a numerical simulation code. The parametrization and the motivations and implications of design decisions are discussed in Section A2. Table A1 lists model parameters and variables.
A1 Model Definition

A1.1 Model states
Each consumer species i is characterized by its mean body mass M i (M min ≤ M i ≤ M max ), its current total biomass B i (t), a D-dimensional vector of abstract quantitative vulnerability traits V i , another D dimensional vector F i describing foraging traits and capabilities, its attack rate a i , and a switching exponent b i . Producer species i are characterized by M i , B i (t), V i , and a D-dimensional vector G i describing the non-trophic producer niche.
A community is fully characterized by its constituent consumers and producers. The complete model state consists of four communities.
A1.2 Population dynamics
Consumer population dynamics is of the standard form The the functional response f ki has been constructed in such a way as to satisfy three conditions. If there is only a single resource species or if all resource abundances are scaled by the same factor, the standard Type II form should be recovered, because Type II responses are overwhelmingly observed (Jeschke et al., 2004) . If, on the other hand, resource abundances vary disproportionally, the relative intake should follow the power-law form f ki /f li ∼ (B k /B l ) b i which is found in experiments (e.g., Greenwood and Elton, 1979; Elliott, 2004) . Finally the biomasses of species not contributing to the diet should not affect the functional response. These conditions are satisfied by
with a i and T i representing the attack rate and the "handling time" of consumer i, and the c ki denoting trophic interaction coefficients. However, this form fails to satisfy a "common sense" condition pointed out by Arditi and Michalski (1995) and Berryman et al. (1995) : Dynamics is not invariant if a resource population is formally split into two populations with identical traits.
This problem can be overcome by organizing resources k into groups γ = Γ(k) of similar species, within which consumers cannot distinguish when switching prey. Among group members, consumers forage proportional to the resource availability c ki B k . The groups are formed, for simplicity, by dividing the D-dimensional trophic niche space into a lattice of cells with lattice constant u, and assigning all species with a vulnerability V k in the same cell to the same group. Denote by A γi = Γ(k)=γ c ki B k the total availability of resource species in group γ to consumer i. Then, a second, "common sense", form of the functional response is given by
When no two V k are identical, which is practically always the case with the evolutionary dynamics given below, the second from of the functional response goes over into the first form (A.2) in the limit of small cells u → 0. The trophic interaction coefficients are composed as
where the form of the last two factors follows Claessen et al. (2002) . Producer population dynamics is modeled as
The exponential form of the factor describing the availability of resources in the first term is inspired by the attenuation of light (Monsi and Saeki, 1953) , but it could describe the depletion of other resources as well. The matrix d ij describes producer competition and self-interaction. Mutualistic and parasitic producer-producer interactions are not included in the model. The niche overlap between two producer species i, j is modeled as
, with w r denoting the producer niche width. This leads to the resource competition matrix
The species-specific coefficients follow allometric scaling laws
A1.3 Species evolution
Next, we describe the implementations of "speciations" and "invasions" in the model. As explained in Sec. 2.2 of the main text, these are extremely coarse-grained descriptions of the actual evolutionary processes. To model a "speciation", the properties of a descendant species j are obtained by mutating the properties of its ancestor i. The biomass of the descendant species is given by
with ξ denoting a standard-normal random variable, newly sampled at each use. If M j falls outsize the range [M min , M max ], it is projected back into this range by the operations
max /M j , which correspond to simple reflections on the log scale (Rossberg et al., 2006) . Traits mutate as
with V 0 j = (s j , 0, 0, 0, 0), s j = s/2 for producers and s j = −s/2 for consumers, to model the distinct characteristics of the members of the two kingdoms as resources. The ξ denote standard normal random vectors, the µs and σs are model parameters.
The attack rate of the descendant species is given by
This inheritance rule has the following interpretation: The first factor implies a background allometric scaling of attack rates with body mass, a i ∼ M ζ i , the second factor, with 0 < a 0 < 1, describes a degeneration of aggressivity in the absence of evolutionary pressures, and the third factor contributes a random mutation. Equation (A.11) is set up to be scale free in the sense that it does not imply a typical order of magnitude for the attack rates a i or the allometric coefficients
This follows from the fact that all three parameters ζ, a 0 ,ã 0 in Eq. (A.11) are dimensionless, while the a i have dimensions of (time × biomass) −1 .
The heredity of switching exponents is assumed to be negligibly small. Thus b j is simply given by
with constant b 0 andb 0 . Except for the attack rates, this model of speciation implies a simple neutral theory: In the steady-state distribution resulting from speciations as above and random extinctions, log body masses are distributed uniformly in [log M min , log M max ], and trait vectors are given by
To model the "invasion" of species, two pools of representative species are assembled from the other three communities as described below, one for producers and one for consumers. The properties of an invading species are obtained by picking one species from the pool at random, and mutating it in the same way as for speciations. The additional mutation represents evolutionary changes occurring in the surrounding, not explicitly modeled, communities (Fig. 1) .
If a species pool is empty, which happens only in the initial phase of the simulation with the parameters used here, an invading species is sampled from the steady state of the neutral theory, with the attack rate set to
Initial biomasses B j of speciating or invading species are set to M j .
A1.4 Community evolution
The community evolves by repeated additions (successful speciations or invasions) of a producer and a consumers species and the subsequent relaxations to the population-dynamical steady state. If a species reaches B i < M i during the relaxation, it is removed as extinct. A speciation or invasion is successful (and hence an addition) if its population initially grows (dB/dt > 0). Speciation and invasions are repeatedly attempted until successful 3 . At each repetition, the attempted addition is an invasion with probability κ/(κ + S p ), were S p denotes the producer species abundance, and otherwise a speciation from a producer species chosen randomly form the local community. Correspondingly for additions of consumers.
Simulations are initiated with four empty communities and run until an evolutionary steady state is reached.
A1.5 Construction of representative species pools
Representative species pools for invasions of communities by producers are constructed by combining all producer species from the other three modeled communities, and correspondingly for consumers. To reduce waiting times when parallelizing the simulations, the information about the species compositions of the other communities is updated only after every 30 additions of one consumer and one producer, i.e., a total of 60 s.a., into each of the four communities.
A1.6 Numerical implementation
With body masses spanning 12 to 14 orders of magnitudes, and the corresponding time scales spanning tree to four, special care was required with the numerical implementation of the population-dynamical sub-model. For a stable, accurate, and fast numerical integration, the population-dynamic equations (A.1) and (A.5) were first transformed to new dependent variableŝ B(t) = ln B(t), and then integrated using the adaptive-order, adaptive-stepsize, implicit ODE solver CVODE included in the SUNDIALS package (Hindmarsh et al., 2005) .
In order to approach the population-dynamical steady state, simulations were continued until either limit-cycle oscillations or chaotic oscillations were detected using heuristic algorithms, or until a long time T SS had passed without detecting either, which usually indicates the vicinity of a fixed point. As mentioned above, species i with B i < M i were removed as locally extinct during simulations.
The four communities were simulated on separate processors. After every 60 s.a. in each community and the subsequent population-dynamical relaxation to the steady state, the full model state was saved for an update of species pools among communities (see Sec. A1.5) and for later data analysis.
A2 Model design and parameter choices
In this Appendix, the rational behind several aspects of model design and parameter choices is explained. It begins with a discussion of two aspects of niche-space structure: phylogenetic correlations of trophic traits and the number of dimensions of the niche space. Then, the parametrization and allometry of consumer and producer population dynamics is derived from empirical data; followed by a brief account of the parametrization of other aspects of trophic interaction. For some aspects of the model, most of them related to the geometry of niche space, satisfactory empirical data do not seem to be available. These have been adjusted "by hand" following the criteria discussed at the end of this Appendix.
A2.1 Phylogenetic correlations
The staring point for constructing the present model was the matching model (Rossberg et al., 2006) . In the matching model, food webs are constructed by a branching process that models the evolution of the member species. It is a neutral theory, in the sense that evolution is undirected, independent of the fitness or population dynamics of species. Trophic links are determined by matching abstract traits determining the vulnerabilities of potential resources to consumption with abstract traits determining the foraging capabilities and strategies of consumers.
Fitting the matching model to empirical data, Rossberg et al. (2006) found that the heredity of vulnerability traits in local "speciations" (sensu Sec. 2.2) is considerably larger than of foraging traits: the median (average) of the decay rate of correlations in the vulnerability traits over all predatory food webs investigated is 1.4% per "speciation" (1.8%), while correlations between foraging traits decay by 22% per "speciation" (36%). This observation was interpreted as indicating that the evolutionary pressure through competition for resources is stronger than the pressure through indirect competition due to common predators. L.-F. Bersier (priv. comm.) suggested an alternative interpretation, which is employed in the present model: Foraging traits are simply more easily adjustable than vulnerability traits, and have higher variability.
In the neural theory for the present model, the correlation-decay rate of vulnerability traits
where µ V is the magnitude of typical mutations in speciations, and σ V is the steady-state variability of traits. (Similar results hold for foraging traits F i and producer-interaction traits G i .) However, in the presence of evolutionary pressures, both the magnitude of mutations and the steady-state variability for the V i will increase, and the variability of foraging traits is restricted to the variability of the corresponding vulnerability traits, and all these quantities are difficult to predict in advance. Thus, reproducing the observed patterns of trait correlations quantitatively is not easy. Yet, in order to stay in line with observations, parameters were chosen such as to keep the decay of correlations of foraging traits large, (µ F /σ F ) 2 = O(1), and the decay of correlations of vulnerability traits small, (µ F /σ F ) 2 = O(1%). Regarding the correlations of G i in speciations, no empirical data could be obtained.
A2.2 Dimensionality of niche space
For the matching model, it has been argued that the dimensionality of the trophic niche space does not matter much, as long as it is not too small (Rossberg et al., 2006 ). An important effect of high dimensionality D, i.e., of many relevant traits, is that different consumers are likely to consume the same resources for different reasons (Rossberg, 2007) : Consider the situation that two consumers 1 and 2 have foraging traits F 1 and F 2 that are both close to the vulnerability traits V 3 of resource 3, such that the factor e ki := exp(−| V k − F i | 2 /2w 2 t ) entering the interaction coefficients Eq. (A.4) is comparatively large (an exact match is very unlikely). Then, if F 1 is also close to another, unrelated V 4 , this does not imply that F 2 is likely to be close to V 4 , too, if the number of dimensions is large. This is because then F 1 and F 2 are likely to approach V 3 from different directions. Mathematically, the relevant quantity is the correlation ρ D between the two products e 3,1 × e 3,2 and e 4,1 × e 4,2 . When evaluating this correlation numerically, for example, with independent, D-dimensional, multivariate standard normal F 1 , F 2 , V 3 , and V 4 and the niche width w t = 0.446 (Tab. A1), one obtains ρ 1 = 0.25, ρ 2 = 0.16, ρ 3 = 0.096, ρ 4 = 0.055, and ρ 5 = 0.030. The correlations decay exponentially, roughly by a factor 0.6 with each additional dimension.
We find that the standard error in estimating ρ 5 from N independent quadruples of samples is approximately ρ 5 × 150 N −1/2 , that is, detecting that ρ 5 = 0 requires about (2 × 150) 2 = 90000 independent quadruples. Since typical model food webs consist only of ∼ 100 species, and these are phylogenetically correlated, it is fair to assume that when choosing D = 5 the phylogenetic correlation structure underlying food-web topology is hardly distinguishable from that with any larger number of dimensions in the model. Here, D = 5 is used. With an even larger number of dimensions, the volume of the accessible niche space, which scales as the variability of vulnerability traits to the Dth power, and, as a result, the number of species, would be difficult to control. 4
A2.3 Consumer physiology
Consumer population dynamics is characterized by the gross conversion efficiency , respiration rates r i , "handing times" T k , attack rates a k , and the trophic interaction coefficients.
To determine the first three parameters, consider a situation of abundant resources (ad libitum feeding) for species i. Then, for both forms of the functional response (A.2), (A.3), the summed functional response reduce to l f li = 1/T i and, in the absence of predation, population i increases at its maximal growth rate r max,i = /T i − r i .
While producing biomass at a rate P = ( /T i − r i )B i , species i is, by the passive consumption terms of Eqs. (A.1) and (A.5) summed over all resource species, consuming biomass at a rate B i /T i . Thus, the net conversion efficiency is 0 = − r i T i . We set 0 = 0.2, a typical empirical value for poikilotherms (Peters, 1983) .
The term −r i B i in Eq. (A.1) represents all losses other than by passive consumption. Usually, this will be dominated by respiration, losses by natural death are negligibly small. 5 Observed values for the ratio P/R of production to respiration vary from ∼ 10 or higher for bacteria to ∼ 0.01 for homeotherms (McNiel and Lawton, 1970) . We use the value found by McNiel and Lawton for "short-lived poikilotherms", P/R = 0.8. Altogether, these considerations lead to
The maximum consumer population growth rate r max,i is known to follow an allometric scaling law. Based on the result of Savage et al. (2004) for intermediate temperatures, we set r max,i = 0.81 yr −1 (M i /M 0 ) ζr , with ζ r = −1/4. In correspondence with the range of switching exponents obtained by Greenwood and Elton (1979) in a re-analysis of 14 laboratory experiments, we set the mean switching exponent to b 0 = 1.5 and its standard deviation tob 0 = 0.3. Field data on prey switching still seem to be rare (Elliott, 2004) .
A2.4 Producer physiology and interaction
The model for producer population dynamics Eq. (A.5) implies a maximal population growth rate for producers σ max,i = σ i − l i , which is set to σ max,i = σ max,0 (M i /M 0 ) −1/4 with σ max,0 = 0.208 year −1 after Niklas and Enquist (2001) . The ratio between the maximum growth rate σ i − l i and the respiration rate l i was set to (σ i − l i )/l i = (1 − 0.1)/0.1 = 9 as a plausible value. 6 To determine the diagonal elements of the resource competition matrix d ij , Eq. (A.6), we make use of the fact that the maximal production of producers at their carrying capacity B i = K i is uncorrelated to their body mass (Enquist et al., 1998) . Therefore, carrying capacities are chosen such that the maximal gross primary production defined by GPP max = σ i K i is constant. (Since the losses described by the factors l i include both respiration and litter fall, the model does not define the net primary production.) As a convention, GPP max and the K i are here understood as extensive quantities, that it, they are proportional to the area A covered by each of the modeled communities. By Eq. (A.5), the carrying capacity of monocultures of producers is K i = (1/d ii ) log(σ i /l i ), which, in turn, determines the diagonal elements of the competition matrix as
A2.5 Other aspects of trophic interaction
Prey switching facilitates coexistence in the model, especially between producers. In particular, we found that with the first form for the functional response, or the second form with u → 0, which imply switching between any pair of resources, communities sometimes fall into unrealistic "gardening" states where a few tens of herbivores mediate coexistence of thousands of producers.
With our choice u = 1 such states are not observed. Further disabling switching by increasing u would strongly reduce the number of coexisting species. A value of Λ ≈ 0.03 for the lower cutoff for the predator-prey size ratio is suggested by the evaluation of a large set of empirical data by Brose et al. (2006) . The extension of the body mass range occupied by consumers sensitively depends on the exponent α that characterizes the decay of cacheability with large predator-prey mass ratios. With α = 0, arbitrary large body sizes up to M max are observed. With the parameter set used here, the choice α = 0.075 restricts body masses to approximately 10 kg.
A2.6 Model calibration
The reader will notice that some of the parameters listed in Tab. A1 have rather odd values, even though they are not directly based on empirical data. There are several reasons.
First, the way in which the parameter space is spanned in the computer model is slightly different from the way chosen here. For example, trophic niche widths had been expressed in therms of trophic niche densities ∼ w
r , but this would here only confound notation. Second, some parameter calibration is required in order to obtain a reasonable community structure in the steady state. It was attempted (i) to keep the numbers of producer and consumer species similar; (ii) to make sure that some consumers are omnivores sensu stricto, eating producers and consumers alike, while others are not (this can be achieved by controlling the ranges of vulnerability traits covered by producers and consumers in trophic niche space); (iii) to keep the fraction of top-predators around 0.2 as observed, (iv) to obtain a large number of trophic links per consumer, and (v) to have consumers cover a broad range of body masses, but to avoid producing a Loch Ness Monster or hitting M max .
Third, the computation time required to reach the steady state increases at least with the square of the number of species simulated. Simulations of systems with about 100 species per community take several days to reach the steady state. On the other hand, a large number of species is desired in order to reproduce collective, system-level ecological phenomena. Therefore, the steady-state number of species must be controlled in a narrow range. But the number of species appears to depend on most system parameters in a complicated way, and initial transients provide only little clues where it will ultimately settle in. Adjusting one parameter usually requires adjusting a second one in order to keep the number of species fixed, and the outcome is not always predictable.
Fourth, some parameter values were found to yield reasonable results at an earlier stage of model development, and were later kept fixed for simplicity.
Summarizing, much effort has been made to calibrate the model such as to obtain reasonable community structures within the computational limitations. The rational was that the demonstration of the top-down mechanism in a model that exhibits strong artifacts would not exclude the possibility that these artifacts were required for the mechanism to work. But in fact, rather the contrary seems to be true: Observations during the model calibration indicate that the requirements on parameters for the top-down mechanism to work are less restrictive than the requirement for achieving all the other community properties listed above. 
